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(54) Method and apparatus for sensing a rearward facing child restraining seat 

(57) An apparatus (20) for preventing actuation of an 
air bag restraining device (25) of a vehicle includes a 
weight sensor (36), a distance sensor (42), and a seat 
belt payout sensor (66). A controller (22) is operatively 
connected to the sensors (36, 42, 66) and to the air bag 
restraining device (25). The controller (22) prevents actu- 
ation of the air bag when the sensors (36, 42, 66) sense 
a rearward facing child seat (46) on the occupant seat 
(40) by sensing a weight of an object less than a prede- 
termined amount, a distance to an object on the seat (40) 
less than a predetermined amount, and a seat belt pay- 
out of greater than a predetermined amount. 
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Description 

Cress-Reference to Related Application 

This is a continuation-in-part of U.S. Patent Applica- 
tion Serial No. 147,682. filed November 3, 1993, to 
Blackburn, et a!., for "Method and Apparatus for Sensing 
a Rearward Facing Child Seat" and assigned to TRW 
Vehicle Safety Systems Inc. 

Technical Field 

The present invention is directed to a vehicle occu- 
pant restraint system. The invention is specifically 
directed to a method and apparatus for sensing a rear- 
ward facing child restraining seat and, in response to 
sensing a rearward facing child restraining seat, prevent- 
ing deployment of an air bag restraint. 

Background Qf the Invention 

Air bag restraint systems for vehicles are well known 
in the art. It is also known to prevent deployment of an 
air bag during a vehicle crash when the air bag is asso- 
ciated with a seat location that is unoccupied. Deploy- 
ment of an air bag associated with an unoccupied seat 
location (typically the passenger seat location) during a 
vehicle crash adds unnecessary expense to repair of the 
vehicle. 

To prevent such unnecessary deployment of an air 
bag at an unoccupied seat location, sensors are pro- 
vided to detect the presence of an occupant on the vehi- 
cle seat. These sensors include pressure sensing 
switches located in the seat cushion or infrared or ultra- 
sonic sensors located in the vehicle dashboard or instru- 
ment panel. If no occupant is detected as being present 
on the seat, deployment of an associated air bag during 
a crash condition is prevented through an appropriate 
control arrangement 

It is also desirable to prevent actuation of an air bag 
restraint system when a child restraining seat is secured 
and positioned in a rearward facing orientation on an 
associated seat location. When a rearward facing child 
seat is secured to a vehicle seat, deployment of an asso- 
ciated air bag during a vehicle crash condition would not 
provide the child with additional protection since the 
child's head and torso would not move relative to the child 
seat in the direction of vehicle travel. 

Sgmmprypfthe Invention 

The present invention provides a method and appa- 
ratus lor sensing presence and orientation of a child 
restraining seat and preventing deployment of an asso- 
ciated air bag during a vehicle crash condition if the rear- 
ward facing child seat is sensed as being present. 

In accordance with the invention, an apparatus is 
provided for preventing actuation of an actuatable occu- 
pant restraining device of a vehicle. The apparatus 



includes presence sensing means for sensing the pres- 
ence of a rearward facing child restraining seat on an 
occupant seat of the vehicle. The apparatus further 
includes confirmation sensing means for confirming the 

5 presence of the child restraining seat on the occupant 
seat. Control means is operatively connected to the pres- 
ence sensing means, the confirmation sensing means, 
and the actuatable occupant restraining device for pre- 
venting actuation of the actuatable occupant restraining 

10 device when both (i) the presence sensing means 
senses a rearward facing child restraining seat on the 
occupant seat and (ii) the confirmation sensing means 
confirms the presence of the child restraining seat on the 
occupant seat 

is In accordance with a preferred embodiment of the 
present invention, an apparatus is provided for prevent- 
ing actuation of an air bag restraint when a rearward fac- 
ing child restraining seat is present on an associated 
occupant seat location. A presence sensing means 

20 senses the presence of a rearward facing child restrain- 
ing seat on the occupant seat. The presence sensing 
means includes a distance sensor mounted in the instru- 
ment panel for providing a signal having a value indica- 
tive of the distance between the distance sensor and an 

25 object in front of the distance sensor. The distance sen- 
sor preferably includes an ultrasonic sensor. The pres- 
ence sensing means further includes a seat belt payout 
sensor for providing a signal indicative of the amount of 
seat belt extracted from a seat belt retractor. An amount 

30 of seat belt greater than a threshold amount needs to be 
extracted to secure a rearward facing child seat to the 
occupant seat. The apparatus further comprises confir- 
mation sensing means for confirming the presence of a 
child restraining seat on an occupant seat of a vehicle 

35 and for providing a confirmation signal indicative thereof. 
Preferably, the confirmation sensing means includes a 
weight sensor for providing the confirmation signal when 
weight on the occupant seat is less than a threshold 
amount. Control means is operatively connected to the 

40 distance sensor, the belt payout sensor, the weight sen- 
sor, and to the actuatable occupant restraining device for 
preventing actuation of the actuatable occupant restrain- 
ing device when both the distance sensor and belt payout 
sensor indicates a rearward facing child restraining seat 

45 is on the occupant seat and the weight sensor confirms 
that the child restraining seat is present on the occupant 
seat. 

Also in accordance with the present invention, a 
method is provided for preventing actuation of an actu- 

so atable occupant restraint device of a vehicle. The method 
comprises the steps of sensing the presence of a child 
restraining seat on an associated occupant seat and 
confirming the presence of the child restraining seat on 
the occupant seat. Actuation of the actuatable occupant 

55 restraining device is prevented when the rearward facing 
child restraining seat is sensed as being present on the 
occupant seat and it is confirmed that the child restrain- 
ing seat is on the occupant seat. 



3 



EP0689 967A1 



4 



In accordance with a preferred embodiment of the 
present invention, a method is provided for preventing 
actuation of an air bag restraint when a rearward facing 
child restraining seat is present on an associated occu- 
pant seat location. The method includes the steps of 5 
sensing the distance between the vehicle instrument 
panel and an object on an occupant seat of a vehicle, 
sensing seat belt payout and sensing if weight on the 
occtpant seat is less than a threshold value. The method 
further comprises the step of preventing actuation of the 
actuatable occupant restraining device when the sensed 
distance and sensed belt payout indicate a rearward fac- 
ing child restraining seat is on the occupant seat and the 
sensed weight confirms a child restraining seat is on the 
occupant seat. 

Brief Description of the Drawings 

The foregoing and other features of the present 
invention will become apparent to those skilled in the art 
to which the present invention relates upon consideration 
of the following description of the invention with reference 
to the accompanying drawings, wherein: 

Fig. 1 is a schematic of an apparatus for controlling 
an air bag restraint in accordance with the present 
invention; 

Fig. 2 is a schematic block diagram showing a por- 
tion of the circuitry of Fig. 1 ; 
Figs. 3-5 are flow charts depicting the control proc- 
ess followed by the controller of Fig. 1 ; and 
Fig. 6 is a schematic block diagram showing another 
embodiment of a portion of the circuitry of Fig. 1 . 

Description of Preferred Embodiments 

Referring to Figs. 1 and 2, an apparatus 20, in 
accordance with the present invention, includes a con- 
troller 22 operatively connected to an air bag actuation 
circuit 24. Actuation circuit 24 is operatively coupled to 
an air bag assembly 25. The air bag actuation circuit 24 
includes a transistor 26 that is electrically connected in 
series between a squib 28 and a source of electrical 
energy. Controller 22 is controllably connected to the 
base of transistor 26. When controller 22 actuates tran- 
sistor 26 so as to turn the transistor "ON", a sufficient 
amount of electric current for a sufficient time duration 
passes through squib 28 to ignite the squib. 

Squib 28 is operatively coupled to a source of infla- 
tion fluid 30, such as an ignhable gas generating material 
and/or a container of pressurized gas. The inflator 30 is 
operatively coupled to an air bag 32. Upon ignition of the 
squib 28, inflation fluid from the inflator 30 inflates air bag 
32 to its operative restraining position. 

The apparatus 20 further includes a crash sensor 34 
operatively connected to controller 22. A weight sensor 
36 is operatively mounted in a seat cushion 38 of an 
occupant seat 40 and is electrically connected to con- 
troller 22. The weight sensor 36 provides a signal to the 



controller 22 so that the controller can determine 
whether an object on the occupant seat 40 weighs more 
than a predetermined value. Weight sensor 36 may be 
any one of several known in the art. For example, a 
weight sensor of the type described in U.S. Patent No. 
5,232,243 to Blackburn et al. may be used. Alternatively, 
a switch which opens or closes in response to applied 
weight greater than the predetermined value may also 
be used. 

A typical child restraining seat weighs approximately 
10-12 pounds. A small child that would be placed in such 
a restraining seat in a rearward facing direction would 
weigh under 20 pounds. In the preferred embodiment, 
the predetermined threshold weight value is 40 lbs. to 
account for the presence of a child under 20 lbs. plus the 
weight of a child restraint seat weighing 10-12 lbs. plus 
a margin of safety. H an object on the seat cushion 38 
weighs more than 40 lbs., it is assumed that the object 
can not be a rearward facing child seat If the weight sen- 
sor 36 is a switch, it is arranged to provide one signal if 
an object weighing more than 40 lbs. is on the seat cush- 
ion 38. The weight sensor 36 provides a second signal 
when no object weighing more than 40 lbs. is on the seat 
cushion 38. 

A distance sensor 42 is mounted in instrument 
panel/dashboard 44 of the vehicle and is electrically con- 
nected to controller 22. The distance sensor 42 provides 
a signal indicative of the distance between the distance 
sensor 42 and an object located on the occupant seat 
40 in operative line with the distance sensor 42. Distance 
sensor 42 may be any one of several types known in the 
art For example, in accordance with a preferred embod- 
iment, an ultrasonic sensor is used. Other sensors that 
could be used include active or passive infrared sensors. 

A child restraining seat 46 is secured to the seat 40 
in a rearward feeing direction with a seat belt 48 that is 
attached to the vehicle floor 50 on one side of the seat 
40 through a mounting assembly 52 and buckle 54 as is 
well known in the art The seat belt 48 passes through a 
belt holder 56 of the child restraining seat 46 and is 
secured to the vehicle floor 50 on the other side of the 
seat 40 through a seat belt retractor assembly 58, also 
well known in the art. A child 60 is secured in the child 
restraining seat 46 using a three-point, over-both -shoul- 
ders harness restraint 62 that is typical for child restrain- 
ing seats. 

When a child restraining seat 46 is secured in a rear- 
ward facing orientation on occupant seat 40, the back 64 
of child restraining 6eat 46 is closer to instrument 
panel/dashboard 44 and, in turn, to the sensor 42, than 
when the child restraining seat 46 is in a forward feeing 
orientation. The back portion 64 of a rearward facing 
child seat is typically less than 9 inches from the sensor 
42. In the preferred embodiment, the distance sensor 42 
provides a signal to controller 22 indicative of the sensed 
distance. The controller 22 determines if the distance is 
less than or equal to 9 in. from the distance sensor 42. 

A seat belt payout sensor 66 is located in seat belt 
retractor 58 and is electrically connected to controller 22. 



15 



20 



25 



30 



35 



40 



45 



50 



3 



5 



EP0 689 967A1 



6 



Seat bett retractor 58 is attached to vehicle floor 50. Seat 
belt payout sensor 66 measures the length of seat belt 
48 extracted from or paid out from seat belt retractor 58 
and provides an electrical signal indicative of the length 
of seat belt 48 paid out. When a child restraining seat is 
secured in a rearward facing direction, a belt payout 
equal to or greater than a predetermined amount occurs. 
Therefore, if the belt payout indication is greater than the 
predetermined amount, it is assumed that a rearward 
facing child seat is present Seat belt payout sensor 66 
may be any one of several types including a potentiom- 
eter that provides an electrical signal having a value 
functional ly related to the length of seat belt 48 extracted. 
A threshold on/off switch may be used which switches 
state when the predetermined length of seat belt 48 is 
extracted. 

Empirical testing has indicated that approximately 
36 inches of seat belt is needed to secure a rearward 
facing child seat on the occupant seat 40. It takes approx- 
imately 30 inches of belt to secure a forward facing child 
seat. Therefore, the belt payout threshold value is set 
internal to controller 22 at 35 inches. 

Controller 22 includes both an enable function 68 
and an evaluation function 70. When both functions pro- 
vide a digital HIGH signal, controller 22 actuates circuit 
24 to energize the squib 28. 

Referring to Figs. 1 & 2, the evaluation function 70 
and the enable function 68 of controller 22 will be better 
appreciated. A vehicle crash sensor 34 is operatively 
mounted to the vehicle and electrically connected to con- 
troller 22. Crash sensor 34 may be any one of several 
known crash sensors, including an inertia switch or an 
accelerometer. In a preferred embodiment, the crash 
sensor is an accelerometer. 

Crash sensor 34 provides an electrical signal to con- 
troller 22 indicative of the vehicle's crash acceleration. 
Those skilled in the art will appreciate that controller 22 
may use any one of several known algorithms to analyze 
the accelerometer signal and, in response to the signal, 
control the air bag actuation circuit 24. For example, the 
acceleration signal may be integrated to determine a 
crash velocity value, if the crash velocity exceeds a pre- 
determined crash velocity threshold value, evaluation 
function 70 provides a digital HIGH signal to one input of 
an ANDING function 72 of controller 22. 

Sensors 36, 42, 66 provide electrical signals to con- 
troller 22. The electrical signals from sensors 36, 42, 66 
are used by controller 22 to determine the presence of 
a rearward facing child seat 46 on occupant seat 40. If 
controller 22 determines from the sensor signals that a 
rearward facing child seat is present the enable function 
68 outputs a LOW signal to a second input of ANDING 
function 72. This LOW output from the enable function 
68 disables air bag actuation circuit 24. The enable func- 
tion 68 normally provides a digital HIGH signal referred 
to herein as the enable function's default condition. 

When controller 22 receives appropriate signals 
from both (i) distance sensor 42 indicating the presence 
of a rearward facing child restraining seat on occupant 



seat 40, and (ii) weight sensor 36 confirming the pres- 
ence of a child restraining seat on occupant seat 40, the 
controller decides that a rearward facing child seat is 
present. The controller makes this decision by compar- 

5 ing the measured distance and weight against associ- 
ated threshold values. When the distance sensor 42 
indicates that a rearward facing child restraining seat is 
present and the weight sensor 36 confirms the presence 
of a child restraining seat, the enable function 68 pro- 

7o vides a digital LOW signal. The LOW signal from enable 
function 68 prevents air bag actuation circuit 24 from 
energizing squib 28 since the output of the ANDING 
function 72 will be a LOW. When the air bag system is 
disabled, the controller 22 provides an electric signal to 

T5 an indicator 74 on the instrument panel/dashboard 44 to 
alert the vehicle occupants that the air bag assembly 25 
is disabled. 

In accordance with another embodiment of the 
present invention, controller 22 monitors the signal from 

20 weight sensor 36 as described above. As mentioned, 
seat belt payout sensor 66 provides an electrical signal 
to controller 22 indicating the length of seat belt 48 
extracted from seat belt retractor assembly 58. Controller 
22 determines whether the length of seat belt 48 

25 extended exceeds the predetermined length threshold 
value which would indicate the presence of a rearward 
facing child restraining seat 46. When controller 22 
receives signals from both (i) payout sensor 66 indicating 
a presence of a rearward facing child restraining seat 46 

$0 and, (ii) weight sensor 36 confirming the presence of a 
child restraining seat 46 on occupant seat 40, the con- 
troller decides that a rearward feeing child seat is 
present. The controller accomplishes this by comparing 
measured belt payout and weight against associated lim- 

35 Hs. When the payout sensor 66 indicates that a rearward 
facing child restraining seat is present and the weight 
sensor 36 confirms the presence of a child restraining 
seat, the enable function 68 provides a digital LOW sig- 
nal. The LOW signal from enable function 68 prevents 

40 air bag actuation circuit 24 from energizing squib 28 
since the output of ANDING function 72 will be LOW. 
When the air bag is disabled, the controller 22 provides 
an electric signal to an indicator 74 mounted in the instru- 
ment panel/dashboard 44 to alert the vehicle occupants 

45 that the air bag assembly 25 is disable. 

In accordance with yet another embodiment of the 
present invention, controller 22 monitors signals from 
weight sensor 36, distance sensor 42, and seat belt pay- 
out sensor 66. 

so When controller 22 receives appropriate signals 
from (i) payout sensor 66 indicating a presence of a rear- 
ward facing child seat, (ii) distance sensor 42 indicating 
the presence of rearward facing child restraining seat 46, 
and (iii) weight sensor 36 confirming the presence of a 

55 child restraining seat 46 on occupant seat 40, the con- 
troller decides that a child restraining seat is present The 
controller accomplishes this by comparing measured 
belt payout, distance, and weight against associated lim- 
its. When the payout sensor 66 indicates that a rearward 
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facing child seat Is present and the distance sensor 42 
indicates that a rearward facing child restraining seat is 
present and the weight sensor 36 confirms the presence 
of a child restraining seat, the enable function 68 pro- 
vides a digital LOW signal to ANDING function 72. The 
LOW signal from enable function 68 prevents energiza- 
tion of squib 28. When the air bag is disabled, the con- 
troller 22 provides an electric signal to indicator 74 to 
alert the vehicle occupants that the air bag assembly 25 
is disabled. 

Referring to Fig. 3. the control process of the present 
invention will be better appreciated. In step 1 00, the con- 
trol process is initialized by the controller 22 setting the 
enable function 68 to a default state providing a digital 
HIGH signal so as to enable the air bag system and deac- 
tuating indicator 74. In step 102, weight sensor 36 meas- 
ures the weight of an object on occupant seat 40 and 
provides an electric signal indicative of weight to control- 
ler 22. The process proceeds to step 1 04 where control- 
ler 22 determines whether the electrical signal provided 
by weight sensor 36 indicates a weight less than 40 lbs. 
If the determination in step 104 is affirmative, i.e., less 
than 40 (bs., the process proceeds to step 106. 

In step 106, the distance sensor 42 measures the 
distance between an object on occupant seat 40 and dis- 
tance sensor 42 and provides an electrical signal to con- 
troller 22 indicative of the measured distance. In step 
108, controller 22 determines whether the electrical sig- 
nal provided by distance sensor 42 indicates an object 
is at a distance of less than nine inches from sensor 42. 
If the determination in step 1 08 is affirmative, the process 
proceeds to step 112 where the controller 22 disables 
the air bag actuation circuit 24. The process then pro- 
ceeds to step 1 1 4 where indicator 74 is actuated to alert 
the vehicle occupants that the passenger air bag 
restraint system is disabled. From step 1 1 4, the process 
returns to step 102. From a negative determination in 
either step 104 or in step 108, the process proceeds to 
step 110 where the indicator 60 is deactuated (or 
remains deactuated) and the air bag system is enabled 
(or remains enabled). Rom step 110, the process 
returns to step 102. It will be appreciated by those skilled 
in the art that the control process repeats and evaluates 
the sensor signals continuously. Also, the order of steps 
104 and 108 may be reversed. 

Fig. 4 illustrates another control process in accord- 
ance with the present invention. As in the control process 
of Rg. 3, in step 100, the enable function 68 is set to its 
default state providing a digital HIGH signal to enable the 
air bag system and the indicator 74 is deactuated. In step 
102, weight sensor 36 measures the weight of an object 
on occupant seat 40 and provides an electric signal indic- 
ative of weight to controller 22. The process proceeds to 
step 104 where controller 22 determines whether the 
electrical signal provided by weight sensor 36 indicates 
a weight less than 40 lbs. If the determination in step 1 04 
is affirmative, i.e., less than 40 lbs., the process proceeds 
to step 116. 



In step 1 1 6, seat belt payout sensor 66 provides con- 
troller 22 with an electrical signal indicating the length of 
seat belt 48 extended from seat belt retractor assembly 
58, The process then proceeds to step 1 18 where con- 

5 troller 22 determines whether the length of 6eat belt 48 
extracted is greater than 35 inches. If the determination 
in step 1 18 is affirmative, the process proceeds to step 
1 12 where the controller 22 disables the air bag actuation 
circuit 24. The process proceeds from step 1 12 to step 

to 114 where indicator 74 is actuated to alert the vehicle 
occupants that the passenger air bag restraint system is 
disabled. The process returns from step 1 14 to step 102. 
From a negative determination in either step 1 04 or step 
1 18, the process proceeds to step 1 1 0 where the indica- 

75 tor 74 is deactuated (or remains deactuated) and the air 
bag system is enabled (or remains enabled). From step 
1 10, the process returns to step 102. It will be appreci- 
ated by those skilled in the art that the control process 
repeats and evaluates the sensor signals continuously. 

20 Also, the order of steps 104 and 118 may be reversed. 
Referring to Rg. 5, yet another control process in 
accordance with the present invention is shown. As 
above, in step 100, the enable function 68 is set to its 
default state providing a digital HIGH signal to enable the 

25 air bag system and indicator 74 is deactuated. In step 
1 02, weight sensor 36 measures the weight of an object 
on occupant seat 40 and provides an electrical signal 
indicative of weight to controller 22. The process pro- 
ceeds to step 104 where controller 22 determines 

so whether the electrical signal provided by weight sensor 
36 indicates a weight less than 40 lbs. If the determina- 
tion in step 104 is affirmative, i.e., less than 40 lbs., the 
process proceeds to step 1 06. 

In step 106, the distance sensor 42 measures the 

as distance between an object on occupant seat 40 and dis- 
tance sensor 42. An electrical signal is provided to con- 
troller 22 indicative of the measured distance. The 
process thus proceeds to step 108. In step 108, control- 
ler 22 determines whether the electrical signal provided 

40 by distance sensor 42 indicates a distance less than nine 
inches. If the determination is affirmative, the process 
proceeds to step 11 6. 

In step 1 1 6, seat belt payout sensor 66 provides con- 
troller 22 with an electrical signal indicating the length of 

45 seat belt 48 extended from seat belt retractor assembly 
58. The process then proceeds to step 1 18 where con- 
troller 22 determines whether the length of seat belt 48 
extended is greater than 35 inches. If the determination 
is affirmative, the process proceeds to step 1 12 where 

so the controller 22 disables the air bag actuation circuit 24. 
The process then proceeds from step 1 12 to step 1 14 
where indicator 74 is actuated to alert the vehicle occu- 
pants that the passenger air bag restraint system is dis- 
abled. The process returns from step 1 14 to step 102. 

55 From a negative determination in any of steps 1 04, 1 08, 
or 1 1 8, the process proceeds to step 1 1 0 where indicator 
74 is deactuated (or remains deactuated) and the air bag 
system is enabled (or remains enabled). The process 
returns from step 1 10 to step 102. It will be appreciated 
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by those skilled in the art that the control process repeats 
and evaluates the sensor signals continuously. Also, the 
order of steps 104, 108 and 1 18 may be different from 
that shown and described. 

Referring to Fig. 6, an alternate embodiment of the 5 
present invention is shown. The squib 28 is connected 
in series with transistor 26, an inertia switch 78, and 
diode 80 across a source of electrical energy. This forms 
a series connected firing circuit A storage capacitor 82 
is connected to the cathode side of diode 80, as is known w 
in the art, to provide a back-up energy source. During a 
crash event of sufficient intensity, inertia switch 78 will 
close. The controller 22 is operatively connected to 
weight sensor 36, distance sensor 42 and seat belt pay- 
out sensor 66 as described above. Sensors 36, 42 and 75 
66 provide electrical signals to controller 22. The control- 
ler 22 determines whether there is a rearward facing 
child restraining seat 46 on occupant seat 40 as 
described above. If the determination is affirmative, con- 
troller 22 prevents actuation of the transistor 26 thereby 20 
preventing completion of the firing circuit even if the iner- 
tia switch 78 closes, ff no rearward facing child seat is 
sensed, the controller 22 provides a control signal to turn 
transistor 26 ON. When transistor 26 is ON and inertia 
switch 78 closes, the squib 28 is ignited resulting in 2s 
deployment of the air bag. 

It should be appreciated by those skilled in the art 
that the distance sensor 42 and/a the belt payout sensor 
66 function affirmatively to sense the presence of a rear- 
ward facing child restraining set. The weight sensor f unc- 30 
tions as a confirmation sensor to confirm the presence 
of a child restraining seat on the occupant seat. Assume 
an occupant (an adult) is on the occupant seat holding 
a newspaper within 9 inches of the distance sensor. 
Since the adult would weigh more than 40 lbs. the weight 35 
sensor would not provide the confirmation needed to 
indicate a rearward facing child seat. Assume that a very 
large adult is on the occupant seat and extends the seat 
belt 35 inches. The large adult would weigh more than 
40 lbs. Therefore, the weight sensor would not provide 40 
the confirmation needed to disable the air bag system. 

From the above description of the invention, those 
skilled in the art will perceive improvements, changes 
and modifications. For example, the threshold weight 
value of 40 lbs. and the threshold sensed distance value 45 
of 9 in. could vary depending upon the requirements of 
the vehicle manufacturer and the configuration of the 
interior of the particular vehicle in which the invention is 
used. Such improvements, changes and modifications 
are intended to be covered by the appended claims. so 

Claims 

1 . An apparatus fa preventing actuation of an actuat- 
able occupant restraining device of a vehicle, said ss 
apparatus comprising: 

presence sensing means for sensing the 
presence of a rearward facing child restraining seat 
on an occupant seat of the vehicle and for providing 



a presence signal indicative thereof; 

confirmation sensing means for confirming 
the presence of said child restraining seat on said 
occupant seat and for providing a confirmation sig- 
nal indicative thereof; and 

control means operatively connected to said 
presence sensing means, said confirmation sensing 
means, and to said actuatabte occupant restraining 
device for preventing actuation of said actuatable 
occupant restraining device when both said pres- 
ence signal indicates said rearward facing child 
restraining seat is on said occupant seat and said 
signal from said confirmation sensing means con- 
firms said child restraining seat is on said occupant 
seat. 

2. The apparatus of claim 1 wherein said confirmation 
sensing means includes weight sensing means for 
sensing weight on said occupant seat and for pro- 
viding said confirmation signal indicative of said 
child restraining seat being on said occupant seat 
when the weight on said occupant seat is less than 
a weight threshold value. 

3. The apparatus of claim 2 wherein said presence 
sensing means includes distance sensing means 
mounted to an instrument panel of the vehicle for 
providing a signal indicative of the distance between 
said distance sensing means and an object on said 
occupant seat, said presence signal being provided 
when said sensed distance is less than or equal to 
a distance threshold value. 

4. The apparatus of claim 3 wherein said distance 
sensing means is an ultrasonic sensor. 

5. The apparatus of claim 2 wherein said presence 
sensing means includes seat belt payout sensing 
means operatively connected to a seat belt retractor 
of a seat belt used to secure said child restraining 
seat to said occupant seat for providing a signal 
indicative of a length of said seat belt extended from 
said retractor, said presence signal being provided 
when said extended length is greater than or equal 
to a length threshold value. 

6. The apparatus of claim 1 wherein said presence 
sensing means includes distance sensing means 
mounted to an instrument panel of the vehicle for 
providing a signal indicative of the distance between 
said distance sensing means and an object on said 
occupant seat, said presence signal being provided 
when said sensed distance is less than or equal to 
a distance threshold. 

7. The apparatus of claim 1 wherein said presence 
sensing means includes seat belt payout sensing 
means operatively connected to a seat belt retractor 
of a seat belt used to secure said child restraining 



6 



11 



EP0 689 967A1 



12 



seat to said occupant seat for providing a signal 
indicative of a length of said seat belt extended from 
said retractor, said presence signal being provided 
when said extended length is greater than or equal 
to a length threshold value. 

8. The apparatus of claim 1 wherein said presence 
sensing means includes distance sensing means 
mounted to an instrument panel for providing a dis- 
tance signal indicative of the distance between said 
distance sensing means and an object on said occu- 
pant seat said presence sensing means further 
including seat belt payout sensing means opera- 
lively connected to a seat belt retractor of a seat belt 
used to secure said child restraining seat to said 
occupant seat for providing a seat belt length signal 
indicative of a length of said seat belt extended from 
said retractor, said presence signal being provided 
when both said distance signal indicates a distance 
less than first threshold value and said seat belt pay- 
out presence signal indicates an extended belt 
length greater than a second threshold value. 

9. The apparatus of claim 8 wherein said confirmation 
sensing means includes weight sensing means for 
sensing weight upon said occupant seat and for pro- 
viding said confirmation signal indicative of said 
child restraining seat being on said occupant seat 
when the sensed weight on said occupant seat is 
less than a weight threshold value. 

10. An apparatus for preventing actuation of an actuat- 
able occupant restraining device of a vehicle, said 
apparatus comprising: 

presence sensing means for sensing the 
presence of a rearward facing child restraining seat 
on an occupant seat of the vehicle, said presence 
sensing means including distance sensing means 
mounted to an instrument panel for providing a dis- 
tance signal indicative of the distance between said 
distance sensing means and an object on said 
occupant seat said presence sensing means fur- 
ther including a seat belt payout sensing means 
operatively connected to a seat belt retractor of a 
seat belt for providing a seat belt length signal indic- 
ative of a length of said seat belt extended from said 
retractor; 

confirmation sensing means for confirming 
the presence of said child restraining seat on said 
occupant seat and for providing a signal indicative 
thereof; and 

control means operatively connected to said 
presence sensing means, said confirmation sens- 
ing means, and to said actuatable occupant 
restraining device, said control means including 
means for comparing the sensed distance against 
a distance threshold value and means for compar- 
ing the sensed seat belt length extended against a 
length threshold value, said control means prevent- 



ing actuation of said actuatable occupant restrain- 
ing device when (i) said sensed distance is less 
than said distance threshold value, 00 said sensed 
seat belt length extended is greater than said length 
5 threshold value, and (Hi) said confirmation sensing 
means confirms said child restraining seat is on 
said occupant seat 

1 1 . The apparatus of claim 1 0 wherein said confirmation 
10 sensing means includes weight sensing means for 

sensing weight on said occupant seat and for pro- 
viding said confirmation signal indicative of said 
child restraining seat being on said occupant seat 
when the weight on said occupant seat is less than 
is a weight threshold value. 

12. An apparatus for preventing actuation of an air bag 
restraint when a rearward facing child restraining 
seat is present on an associated occupant seat loca- 

20 tion, said apparatus comprising: 

crash sensing means for sensing a vehicle 
crash condition and providing a signal indicative 
thereof; 

presence sensing means for determining 

25 whether said rearward facing child restraining seat 
is on said occupant seat and for providing a pres- 
ence signal indicative thereof; 

confirmation sensing means for confirming 
the presence of said child restraining seat on said 

30 occupant seat and for providing a confirmation sig- 
nal indicative thereof; and 

control means operatively connected to said 
presence sensing means, said confirmation sensing 
means, said crash sensing means, and to said air 

35 bag restraint for actuating the air bag restraint in 
response to said crash sensing means unless both 
(i) said presence signal from said presence sensing 
means indicates said rearward facing child restrain- 
ing seat is on said occupant seat and (ii) said con- 

40 firmation signal from said confirmation sensing 
means confirms the presence of said child restrain- 
ing seat on said occupant seat 

13. A method for preventing the actuation of an actuat- 
45 able occupant restraint device of a vehicle, said 

method comprising the steps of: 

sensing the presence of a rearward facing 
child restraining seat on an occupant seat of the 
vehicle and providing a presence signal indicative 
so thereof; 

confirming the presence of said child 
restraining seat on said occupant seat and providing 
a confirmation signal indicative thereof; and 

preventing actuation of said actuatable occu- 
55 pant restraining device when said rearward facing 
child restraining seat is sensed as being present on 
said occupant seat and the presence of said child 
restraining seat on said occupant seat is confirmed. 
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14. The method of claim 13 wherein said step of con- 
firming presence includes the step of sensing the 
weight upon said occupant seat and providing said 
confirmation signal when the sensed weight is less 
than or equal to a weight threshold value. $ 

1 5. The method of claim 14 wherein said step of sensing 
presence includes the step of sensing a distance 
between an instrument panel and an object on the 
occupant seat and providing said presence signal 10 
when the distance between said object on said occu- 
pant seat and said instrument panel is less than or 
equal to a distance threshold value. 

1 6. The method of claim 14 wherein said step of sensing is 
presence includes the step of sensing the length of 
seat belt extended from a retractor and for providing 
said presence signal when the sensed extended 
length of said seat belt extracted from the retractor 

is greater than a length threshold value. 20 

1 7. The method of claim 13 wherein said step of sensing 
presence includes the step of sensing distance 
between an instrument panel and an object on the 
occupant seat, and providing said presence signal 25 
when the sensed distance is less than or equal to a 
distance threshold value. 

18. The method of claim 13 wherein said step of sensing 
presence includes the step of sensing seat belt pay- so 
out and providing said presence signal when the 
sensed amount of seat belt extracted from a retrac- 
tor is greater than or equal to a length threshold 
value. 

35 

1 9. The method of claim 13 wherein said step of sensing 
presence includes the step of sensing distance 
between an instrument panel and an object on the 
occupant seat and sensing seat belt payout, said 
presence signal being provided when said belt pay- 40 
out is greater than or equal to a length threshold 
value, and said sensed distance is less than a dis- 
tance threshold value. 

20. The method of claim 19 wherein said step of con- 45 
firming presence includes sensing weight on said 
occupant seat and providing said confirmation sig- 
nal when the sensed weight is less than or equal to 

a weight threshold value. 
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